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1. SCIENCE OBJECTIVES

The principle scientific objective of this project is an
investigation of ion acceleration transverse to the magnetic field in the
topside ionosphere. Transverse acceleration is believed to be responsible for
the upward-moving conical ion distributions (or "conics") commonly observed
along auroral field lines at altitudes from several hundred to several
thousand kilometers. Since these conics are observed in conjunction with ion
cyclotron wave activity, the current theoretical understanding is that the
ions are heated transverse to the magnetic field by VLF waves at harmonics of
their gyrofrequencies, and then accelerated upward along the field by the
magnetic mirror force. Such a mechanism is clearly important in the
determination of the uliimate source of ihe magueiuspieric plasia populablon
(i.e. a terrestrial vs. a solar wind source).

Of primary concern in this investigation is the extent of these
conic events in space and time. Theoretical predictions (e.g. Dusenbery and
Lyons,1981) indicate very rapid initial heating rates, depending on the ion
species. These same theories (in concurrence with observations) predict that
the events will occur within a narrow vertical region of only a few hundred
kilometers. Thus an instrument with very high spatial and temporal resolution
was required for this investigation; further, since different heating rates
were predicted for different ions, it was necessary to obtain composition as
well as velocity space distributions.

The FIMS instrument was designed to meet these criteria. To
facilitate ;apig Sgans, measurements were limited to those energies (<2keV)
and ions (0 ,NO ,H ,He ) predicted to dominate the ion conic events (see
Klumpar, 1979). High spatial resolution was further enhanced by the low speed
and high telemetry rate of the sounding rocket (as compared with those of a
satellite). The complete measurement objectives are given below:

Energy Ramge. ... cviiireiiieiineennneennenoneenonnannns 1 gV/q to 2+keV/g
Jon Species. . ittt i i i i ettt H,He, O, NO
Pitch-Angle ReSOlULiON. v eereeeneeeennnneeeeenoncaenonnnnnenns Ag = 1°
Pitch-Angle Range for E/q MeasurementS.................. a= 0° - 180°
Pitch-Angle Range for M/q MeasurementS................... a = 80° - 130°
Time Resolution for complete (E/q,a) Distribution................. 1.1s

Time Resolution for complete (E/q, M/q, a) Distribution.......... 6.6 s




2. INSTRUMENT DESCRIPTION
2.1 The Analyzers

Plate 1 is a photograph of the FIMS with an MCP detector mounted
on the rocket deck plate.

The FIMS instrument consists of two pairs of spherical section
conducting plates (R, =28.9mm, AR, =3.02mm; R__ =37.6mm, AR =3.88mm) acting
as a dual-channel en%?gy filter, igllowed by SuEylindrical aﬂsl—channel
(Ry = 73.7mm, AR, =7.4mm; R_ _=82.2mm, AR_ .-8.2mm) ExB mass analyzer, and two
¢ eltron dete% ors. Figggg 2-1 1is a sgﬁgmatic view of the instrument. The
entrance nousing provides a barfle for off-angle trajectories. The C
electrostatic plates are noryl coated with conducting paint and covered with
lamp blacking to reduce scattering. The magnet is SmCo with a field strength
of 1900 gauss. The ExB analyzer operates at a bias of -815V with respect to
the electrostatic analyzer.

The flight detector consisted of two (2) Amperex B413-BL
channeltrons with a grounded grid in front of them. The bilasing network and
amplifier circuit (supplied by Mullard Space Science Labs) used with them are
shown in Figure 2-2.

The detector and pre-amp section of Figure 2-2 consists of two (2)
Amptek, Inc., Model A111 Hybrid Charge Sensitive Pre-Amplifier/
Discriminator and Bias Networks packaged on a printed circuit board. A second

circuit board houses an Amptek D400 Quad 8-bit Binary Counter and a 74HC244
Bus Driver.

An aluminum housing provides mounting for the two boards, as well
as the two channeltrons. A 15-pin sub D connector provides the interface for
the power and data lines.

2.2 Power Supplies

The programmable power supply (PPS) developed for the Fast Ion
Mass Spectrometer is a new and totally different design from that used on
previous programs, such as the Centaur I Sounding rocket. To provide a
greater number of voltage steps and the versatility of programming for
different instruments, two CMOS UV erasable PROMs were used as a lookup table
addressed by the Central Electronics Package (CEP). The PROM output data
provided input to a 10-bit D/A converter which performs as a staircase
generator used to control the driver of the high-voltage transformer stage, as
well as the control for the dynamic high-voltage shunt regulator.

Through a network of high-value resistors, a reference voltage is
fed back to the control section to form a closed-loop system for better
voltage regulation. Figure 2-3 is a block diagram of the PPS.

Isolation of the power supply secondary voltages is provided by
transformer coupling in the input DC/DC converter, which provides the
necessary digital and analog supply voltages. In the case of the mass PPS
where the high-voltage return is at a float potential of as much as 3 kV, an
additional P.C. card is provided which contains opto-isolators for the data
and control lines, and a V/F - F/V circuit for the analog current monitors.

|
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The fabrication of the power supply consisted of five separate
epoxy glass P.C. boards and a single motherboard. The boards are divided into
functional blocks to minimize circuit interconnects on the motherboard. For
isolation, separate high-voltage comnectors are used on the highvoltage sub-
board to the motherboard where the high value resistor networks are located.
The five boards are separated as follows: I/0 board, Power Supply board,
Control board, H.V. Control board, and H.V. board. In the isolated supply for
the mass analyzer, an additional Isolation board is installed. A jumper board
is installed for non-isolated operation. Figure 2-4 shows the component
layout for the motherboard, and Figures 2-5 through 2-10 show the component
layout for the six sub-boards.

The power supply is packaged in an aluminum housing, measuring /
in. long x 4 in. wide x 2.5 in. deep. A 25-pin sub D connector provides the
interconnections for the low-voltage control and supply. The high-voltage
leads are routed through an epoxy glass insulator board and connected directly
to the motherboard, eliminating exposed high-voltage terminals.

2.3 Central FElectronics Package

The FIMS analyzer is controlled and monitored by a Central
Electronics Package (CEP) shown in block diagram as Figure 2.3-1. The CEP is
responsible for the generation of all Program Power Supply (PPS) commands as
well as the acquisition of science data from the analyzer's detector assembly.
Data acquired from the analyzer is formatted and relayed to the rocket's pulse
code modulation (p.c.m.) telemetry subsystem at the appropriate time.

A 16 bit microprocessor with associated clock, memory and
input/output circuitry is employed within the CEP. Circuitry for the CEP is
contained on 4 plug-in printed wiring/stitchweld circuit boards all of which
are housed in the single CEP enclosure. A detailed description of each of the
4 boards is contained in paragraphs to follow.

2.3.1 Central Processing Unit

Figures 2.3-2 through 2.3-6 are schematic diagrams of the FIMS CEP
central processing unit (CPU). As can be seen in Figure 2.3-2, the CPU is
controlled by an 80C86 microprocessor operating in the "minimum" configuration
(without co-processors). The 80C86's clock and bus controller circuits can
also be seen in Figure 2.3-2.

Since the 80C86 employees a multiplexed address/data bus it is
necessary to de-multiplex the bus before it can be used to communicate with
memory and I/0 devices. Figures 2.3-3 and 2.3-4 show the manner in which the
CPU bus is de-multiplexed within the FIMS CEP. The components used by the CEP
are all complementary metal oxide semiconductor (CMOS) except for interface
drivers.

In order to minimize the amount of circuitry needed by each of the
4 circuit boards for address decoding, a centralized I/0 device decoding
system, shown in Figure 2.3-6, is used by the CEP.To detect an I/0 address ,
the system's 11 most significant address bits are compared to a preset values
by 54HC688 octal comparators. When a true comparison is found, the system's
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address bits add4-add6 are decoded in order to generate unique select lines
for the individual I/0 devices. Decoded addresses are then qualified against
memory read and write control signal to produce the various strobe and enable
signals needed for operation by the other 3 boards. Figure 2.3-6 shows the
manner in which these several control signals are generated.

2.3.2 Control and Data Memory

Figures 2.3-7 through 2.3-9 show the circuitry used to provide the
FIMS CEP with both control and data memory. As a media for storing software
instructions, CMOS u.v. erasable/programmable read only memory (EPROM) devices
are used. Between the two 27C64 EPROMs used in the CEP, a total of 16k bytes
Ol program storage space 1s made availabple. o ) .

For data memory and program stack operations, CMOS static random
access memory (RAM) is used. Figures 2.3-8 shows the circuitry used to
produce a total of 4k bytes of ram for the CEP. Address recognition for the
memory board is managed with 54HC688s as seen in Figures 2.3-7 and 2.3-8.
Because of the short operating time of the FIMS instrument no attempt has been
made to implement error detection/correction on control or data memory.

2.3.3 Program Power Supply (PPS) Interfaces

Figures 2.3-10 through 2.3-14 show the circuitry used to provide
an interface between the CEP and the PPS's. Commands for the PPSs are latched
in CMOS octal latches as shown in Figures 2.3-11 and 2.3-12. The strobe
signals used by the latches to actually trap the PPS command words off of the
system bus are produced on the CPU board itself as described earlier.
Reference is made to the signal labeled "PPSISTR" in Figure 2.3-11 as an
example of a PPS command strobe signal.

To provide electrical drive capability to the octal latches
storing the 10 bit command words used by each of the 2 PPS's, CMOS hex
inverters are used. Examples of these interface buffers can be seen in
Figures 2.3-11 and 2.3-12. It should be noticed that the logical interface to

both of the PPS's is through the 10 least significant bits of the CPU's 16 bit
data bus.

In addition to providing a logical and physical interface to the
PPS's, the PPS interface board also provides command monitoring capability.
Figures 2.3-13 and 2.3-14 show the digital circuitry used to latch the PPS
command words into parallel/serial shift registers. The same strobe signal
used to latch the PPS command into the appropriate output buffer is also used
to latch the command into the input section of a 10 bit shift register.

The shift registers used for the 2 PPS command interfaces can be
clocked out by the rocket's p.c.m. telemetry interface as required.
Attention is called to the fact that interfaces to the rocket's telemetry
system are true differential with all output signals driven by high current
line drivers and all inputs optically coupled. :
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2.3.4 Detector Interface

Shown on Figures 2.3-15 through 2.3-19 are the electrical
schematics of the interfaces between the CEP and the analyzer's detector
subsystem. Two Amperex B413-BL channel electron multipliers (CEM) (Section
2.1) with associated preamplifiers and a 2 channel CMOS hybridized binary
counter are used in the detector subsystem. Ions exiting the E X B analyzer
will be detected by the CEMs producing pulses which will in turn be counted by
the binary counter mentioned above. The CEP acquires detector counts from
this hybridized counter through an 8 bit parallel interface shown in Figures
2.3-14 and 2.3-15. A handshaking systems is employed to assure proper data
transfer between the CEP and the detector subsystem. Figure 2.3-19 is a
timing diagram of this handshaking.

The 80C86 microprocessor communicates with the detector interface
through an 82C55 programmable peripheral interface (PPI) device. The
handshaking scheme described above is carried out using port c output bits
from the 82C55. Although somewhat slow, this approach to handshaking uses
very few components.

2.3.5 Software Operation

As mentioned earlier, the FIMS instrument is controlled and
monitored by a 16 bit CMOS microprocessor. A simplified flowchart of the
software operation of the microprocessor is shown in Figure 2.3-20. The
controller is completely interrupt driven, depending on timing interrupts
generated by telemetry interface circuitry for operation. Minor frame
(0.8 ms) and major frame (25.6 ms) rate interrupts synchronize the operation
of the instrument to the data acquition rate of the telemetry system.

As each major frame rate interrupt is received, the microprocessor
runs a software task which builds a pointer into a table of commands used by
the energy analyzer's PPS. As seen in the flowchart, the process of building
and transmitting energy PPS commands continues until a complete energy sweep
ranging from lev/q to 2115 ev/q has been completed. Normally, an energy sweep
is completed in 1.1 seconds. Table 2.3-1 shows the energy levels visited
during a normal energy sweep.

At the completition of an energy sweep a new ion species is
selected (via mass PPS commands) for measurement and the energy analysis begun
again. Table 2.3-2 shows the atomic masses of the species examinedand the
order in which they are sampled. When all species have been analyzed in the
order shown in Table 2.3-2 the software recycles and begins the "normal sweep"
again.

Because of the cross coupling between the energy/charge and
mass/charge analyzers it is necessary to make minor corrections to the mass
PPS setting for each new energy command. It is therefore oversimplified to
think that in normal operation only the energy PPS is stepped each major
frame.

Reference has been made to a "normal sweep" in the paragraphs
above in order to differentiate between the standard sweep and the fine mass
resolution sweep which i1s also programmed into the 80C86 software. The phrase
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TABLE 2.3-1

STEP NUMBER

000NN HWN =

ENERGY/CHARGE VALUES SAMPLED BY FIMS

ENERGY/CHARGE SAMPLED (ev)

ONOULIEFEWLWNNN -
O
0o
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TABLE 2.3-2

SPECIES
NO+

O+

H+

NO+

O+

He+

SPECIES SAMPLED BY FIMS

AMU
30
16
1
30
16
4
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"normal sweep" is used to indicate an energy/mass set of commands which visits
each of the ion speciles listed in Table 2.3-2 at each of the energy levels
shown in Table 2.3-1. A normal sweep thus requires 6.6 seconds to complete.
When 9 normal sweeps have been completed the FIMS software is programmed to
enter the fine mass resolution mode. In this mode the energy PPS is held fixed
for 9 major frame times while the mass PPS is commanded to the 4 closest
command settings below and the 5 closest setting above the optimum mass PPS
command for each species. In other words, the energy PPS is fixed and the

mass PPS sweeps the 9 closest command settings to the optimal for the selected
species.

The total number of major frames required to complete the fine

e ma e o T L0 7 4= Vv
mass scan mode 1s 42 (encrgy steps) X 2 {mass stepo/energy cteps) ¥ 4

(species) yielding a product of 2268 commands issued over 538.06 seconds. At

the completition of the fine mass scan, the FIMS software resumes the normal
scan mode.

A complete set of software listings for the FIMS CEP is contained
in Appendix B of this document.
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3. LABORATORY CALIBRATION

The FIMS instrument was first calibrated with laboratory
elegtronics and detectgrs at the SwRI Ion Calibration Facility using hydrogen
(H, ) and nitrogen (N, ) ions at energies from 100eV to 2 keV to test the
inner and outer channels respectively. Contour plots, such as Figure 3-1, were
used to confirm the analyzer constants for the two sections over the entire
energy range. The plot shows voltage on the electrostatic analyzer (x axis)
vs. voltage on the electric field plate§ in the ExB analyzer (y axis) vs.
counts (shown as contours) for 2 keV N,” . These data give an average dE/E of
about 10%Z. Mass resolution can be demonstrated by taking the separation in
voltage applied to the ExB analyzer between masses of interest compared to the
spread i voltage for an individual mass. -Al1l icns of intcrest aro-clearly . -
resolved.

Scans of azimuthal and elevation throughput were also made to
confirm the angular range of the instrument. Figure 3-2 shows the acceptance
to be +3° in azimuth and *12° in elevation. Appendix C is a collection of
plots of lab data.

A microchannel plate (MCP) detector was used in order to study
exit z position of the particle trajectories vs. incoming ¢ angle, for
reference in future missions in which use of an MCP might allow such
correlations to be recorded yielding additional information about the pitch
angle dependence of the conic events. These data are shown in Figure 3-3,
plotted against tan@ (solid line) which is the expected acceptance. We hope
to investigate the discrepancy further with the next FIMS.

Finally, the flight power supplies (PPSs) and central electrdnics
package (CEP) were integrated with the analyzer and the complete instrument
was calibrated using an SC-1 Spacecraft Computer to simulate the rocket's
communication buss. Figure 3-4 is a block diagram of the preflight
verification configuration. Appendix D contains a table showing a listing of
power supply settings for various energies and masses. Instrument performance
in the final configuration was confirmed using several input ions.
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4. SCIENCE RESULTS

In January of 1986 the Centaur II sounding Rocket was launched
from the Andoya Range in Norway. Due to a mechanical failure, the nose cone
of the rocket was never completely released, blocking the view of the
sclentific payload and resulting in an inappropriate and shortened trajectory.
Telemetry tapes recorded at the station in Andoya, and also by the NASA
Wallops portable tacking station onsight, were studied extensively in the hope
that some data might be retrieved; however, no clear evidence of mass peaks or
a mass/energy correlation could be found.

Figure 4-1 shows data from the original Andoya tapes; note the
anomalous counts st powers of 2 (2, 4, 16, ete.). Figures 4-2 through 4-6
show data from the tapes supplied by Wallops. Figure 4-2 shows data from the
first tapg supplied by Wallops, selected for masses in the NO range in (a)
and the 0 range in (b). Figure 4-3 shows the same data eliminating the time
period in which the high voltage was turned on. Figure 4-4a shows data from
the instrument inner channel and Figure 4-4b shows the same data eliminating
the time 1nterval for high—goltage turn-on. Figures 4-5a and 4-5b show data
for the 0" range and the NO range, respectively, from the second Wallops
tape. Finally, Figures+4—6a and 4-6b show dgta ;rom the inner channel
selected on the H, , H ' range and on the NO', O range, respectively, from
Wallops tape 2. Figurs 4-6 clearly indicates that these counts are due to
noise, since data are identical with the voltages set in the high-mass range
(incorrect for the inner channel) and with voltages set in the low mass range
(proper setting for this channel).

In summary, in all the outer channel data we see a noise pattern
occurring at powers of two, and in all the inner channel data we see a
constant (noise) count rate around 30-60 counts.
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Software Listing
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APPENDIX C
Lab Data Plots
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APPENDIX D
Listing of Power Supply Settings




FIMS COMMAND TABLES
ENERGY ENERGY FFS MABS PFS i PFPROMZ SPECIES
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